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and asset characteristics. Mandelker and Rhee [44] and Chen, Cheng, and Hite [21] investigate the joint impact of the degrees of operating and financial leverage on beta. In addition, Rubinstein [61] , Myers [52] , Myers and Turnbull [55] , Brenner and Smidt [17] , and Conine [23, 24] show that cyclicality is also an important determinant of beta. However, these studies make no distinction between the risk of assets already in place and the risk arising from the firm's growth opportunities. The primary focus of these studies has been the investigation into the relationship between the firm's systematic risk and characteristics of the firm's assets in place which are implicitly embodied in the firm's asset and financial structures. 2 Other studies (see, e.g., Beaver [65] , and Eskew [27] ) examine the cross-sectional association between growth and beta. However, these studies have not drawn a clear distinction between growth as expansion and growth as profitable future investment options. Their measurement of the growth variable suggests that the term is used according to the first interpretation, i.e., growth as the rate of expansion of the firm's assets, sales, or earnings. It is important to note that a firm is not a growth firm merely because its assets and earnings are growing over time. To become a growth firm, the firm should be able to earn returns on its investments which are larger than its cost of capital. That is, the essence of growth is not the expansion but the existence of profitable investment opportunities. 3 This paper employs contingent claims analysis to decompose the firm's systematic risk into the risk associated with its assets in place and the risk arising from future growth opportunities.4,5 Contingent claims analysis is well-suited to such decomposition, since a growth opportunity can be regarded as a call option on a real asset where the option's exercise price is the future investment needed to acquire the asset. Whether the option has any value at expiration depends on the asset's future value. In essence, this study predicts that the greater the portion of a stock's market value accounted for by the firm's growth opportunities, the higher the stock risk. Overall, our empirical results strongly support this hypothesis. The remainder of the paper is organized as follows. Section I presents the model. Section II describes data and the variable estimation procedure. Section III discusses our empirical findings, and Section IV concludes with a brief summary.
I. Assets in Place, Growth Options, and the Systematic Risk

A. The Contingent Claims Valuation of Growth Opportunities
Let VE be the current equilibrium market value of the firm's equity. Then, VE can be expressed as the sum of two parts: VE = VEA + PVGO; (1) where VEA is the portion of the market value of the firm's equity which is accounted for by assets already in place, i.e., the present value of cash flows to shareholders generated from existing assets, andPVGO is the present value of cash flows to shareholders from the firm's future investments. Suppose that at time t the firm invests an amount It that will create an asset of valuex(t). Here, x(t) can usefully be interpreted as the present (as of time t) value of net cash flows generated from the asset purchased at time t at cost It. 6 We assume that stochastic changes in x(t) are spanned by existing assets, that is, there is an asset or a dynamic portfolio of assets whose price is perfectly correlated with x(t).7 With the spanning assumption, the value of growth opportunities can be obtained using the contingent claims analysis, which avoids assumptions regarding risk preferences or discount rates. We assume that x(t) changes in the time interval (t, t + dt) by:
whereM is the instantaneous equilibrium rate of return on a security or dynamic portfolio of assets whose price is perfectly correlated with x(t),yU + 6 is the instantaneous expected growth rate of x(t), or is the instantaneous standard deviation of the growth rate of x(t), and dw is a Wiener process. The growth rate ofx(t) will typically be less than the rate of return (i.e.,yu) on financial asset with comparable risk, since the growth rate of x(t) will equal the rate of return on the comparable asset less cash flow that is earned on the project and paid out.8 Hence 6 is a negative constant. Earlier, Miles [49] also employed contingent claims analysis to examine the implication of the options interpretation of growth opportunities for the risk of the firm's stock. The approach taken in this paper is somewhat more general than that of Miles since the latter implicitly makes the assumption that the growth rate (dx(t)/x(t)) of the asset value is identical to the rate of return (u) on financial asset with comparable risk (i.e., 6 = 0). It is important to note however that, although the assumption of "zero 6" is justifiable for financial assets, the same assumption is not warranted for real assets. Although equilibrium in the capital market requires 6 = 0 for a non-dividend-paying stock since the expected rate of return on the stock must equal the opportunity cost of holding it,9 the same line of reasoning does not apply to real assets. This is because nothing in the determination of equilibrium in the market for real assets requires that the expected rate of change in the value of an asset bear any particular relation to the opportunity cost of holding it (which is here U).10 This study explicitly incorporates this important facet of real asset valuation into the modeling process and thereby avoids the theoretical flaw in Miles [ 
B. Market Beta as a Function of Growth Opportunities
The market beta of the firm's equity (3M) is the weighted average of the beta of equity associated with assets in place (BEA) and the beta of growth opportunities (PG): PM = (VEAI/VE) EA + (PVGO/VE)PG.
In Equation (5), the beta of equity associated with assets in place is defined as:
where ROE is the return on equity generated from assets already in place and ROEM is the market equivalent of ROE.
On the other hand, fG is the weighted average of betas of all future growth opportunities:
In Equation (7), the risk of the growth opportunity at time t, IGt, is defined as:
where RGt is the instantaneous return on the growth opportunity (i.e., dVG/VG) andRMt is the instantaneous return on the market portfolio. Note that, in the limit (i.e., as dt approaches zero), RGt is defined as (see Galai 
where VGx is the partial derivative of VG with respect tox and Rxt = dx/x. Since it can be shown from Equation ( 3) that VGx = eatN(dit) ,Equation (9) can be rewritten as:
Substituting Equation (10) into Equation (8) we obtain:
where xt = COV(Rxt, RMt)/VAR(RMt) .
Next, substituting Equation (11) into Equation (7), we obtain:
If the firm is assumed to remain in the same business risk class (i.e., all future investment opportunities have the same risk as that of the existing assets,Ifxt = IPEA for all t), Equation (12) 
Finally, substituting Equation (13) into Equation (5), and after simplification, we obtain:
where PVIGO is the present value of investments in growth opportunities (i.e., E Ite-rN(d2t)).14 Equation (14) shows that the market beta is comprised of the risk of equity associated with assets already in place (i.e.,PEA) and the uncertainty associated with future growth opportunities. For growth firms, the market beta is greater than the beta of equity associated with assets in place, even when the firm is expected to remain in the same business risk class (i.e., /xt =/ EA).
Economic intuition underlying this result is simple:
since the risk of the call option (i.e., the growth opportunity) is greater than that of the underlying asset,15 and since the market beta is the weighted average of the beta of equity associated with assets in place and the beta of growth opportunities, it follows that the market beta will be larger than the beta of equity associated with assets in place.
The positive relation between the market beta and growth opportunities posited in this study is in sharp [39] argue that the firm with the larger market power and thus with the larger positive economic rent will have the lower market beta. On the other hand, Booth [7] and Conine [24] suggest that the relationship between monopoly power and beta could be either positive or negative, depending on relative values of other parameters in the model. Hence, the prediction of the present study contrasts squarely with the one made by these studies. These contradictory predictions result from the fact that this study views growth opportunities as real options the value of which is yet to be realized by future discretionary decisions of firms (hence riskier than assets in place), whereas the above studies view growth opportunities as the existence of positive economic rents arising from firms' monopoly power in factor and/or output markets. 16 Since both the prediction of the present study and that of the above studies are direct implications of internally consistent theoretical constructs, the ultimate verdict on which construct is a more reasonable representation of the real world can only be made by empirical confirmation. In the following sections, we undertake an empirical analysis to answer this question.
II. Data Description and Estimation Procedure
In this and following sections, we present empirical results testing the validity of Equation (14) . For the 1979-1988 period, monthly stock returns and accounting data required for the calculation of the market beta and the beta of equity associated with assets in place are obtained from CRSP and COMPUSTAT tapes. Among firms listed in the CRSP and COMPUSTAT tapes, the firms with December fiscal year-end and with all required data (482 firms) are included in the final sample.
The market beta of the firm's equity (/Mi) is estimated using the market model: Ri = ai + Mi R + Ei (15) where Ri is the monthly stock return for the firm i from the CRSP return tape, RM is the value-weighted monthly market return from the CRSP return tape, ai and #Mi are constants, and Ei is an error term. From Equation (6), the beta of equity associated with assets in place (8EA) is estimated using the following regression:
where ROEi is the ratio of net income to shareholders in the current period to the book value of equity in the previous period and ROEM is the market equivalent of ROEi which is calculated as the value-weighted average of ROEi. We use the book value of equity as the portion of the market value of equity which is accounted for by assets already in place (i.e., VEA in Equation (1)). Similarly, we use accounting net income as the proxy for cash flows to shareholders generated from the assets in place. Of course, the book value of equity and accounting income are undoubtedly imperfect proxies for VEA and cash flows. For example, the fact that corporate managers tend to smooth their reported accounting incomes will make the cash flow proxy imperfect. Nonetheless, as long as the relation between the true ROEi and its proxy is linear and the errors in the proxy are not correlated with other variables in the regression (there is no strong reason to believe that these assumptionswill be seriouslyviolated by the data), measurement errors will not cause a systematic bias in empirical results. The issue of measurement error will be further examined later (in Subsection B of Section III) by performing regression analysis using portfolio grouping procedure. We assume that firms with larger growth opportunities will make larger investments in growth opportunities. The ten-year average earnings-price ratio (EP) is used as the empirical proxy for the firm's growth op- 
and EP2i = E EPSi,t/E Pi,t;
where EPSi,t is the earnings per share for the firm i at time t and Pit is the firm's closing stock price at time t. In the second definition, the price and earnings per share are summed over the study period before the ratio is calculated in an attempt to mitigate the effect of temporary fluctuation in earnings and price on the growth measure. The firm's growth opportunity is also measured by the ten-year average ratio of the market to book value of equity:19 MBi = .
(MVE,t/BVEi,t )/10o (19) where MVEi,t and BVEi,t, respectively, are the market and book values of equity for the firm i at time t. Here, the book value of equity is a surrogate for the value of assets in place (i.e., VEA in Equation (1)) and the market value of equity is a surrogate for the combined value of assets in place and growth opportunities (i.e., VE in Equation (1)).
III. Empirical Results
A. Regression Results with Individual Securities
Equation (14) is empirically fitted to examine the relationship between the market beta and the firm's growth opportunities. In order to reflect the nonlinear multiplicative functional specification of Equation (14) The rationale for using EP as the proxy for growth opportunities is clear from the following expression for the market equilibrium price of a common stock: P = EPS1/r + PVGO, where P is the market equilibrium stock price, EPS, is the earning per share at time 1 generated from the assets already in place at time 0, r is the capitalization rate, and PVGO is the present value growth opportunities. The first term, EPS1/r, is the capitalized value of the earning that the firm would generate with the assets already in place, and PVGO is the net present value of the firm's future investment options. A rearrangement of the above equation yields PVGO/P = 1 -(EP/r), where EP = EPS1/P. Differentiating PVGO/P with respect to EP, we obtain d(PVGOIP)/dEP = -1/r < 0. Thus the larger the EP, the smaller the ratio of the part of equity value accounted for by growth opportunities, ceteris paribus. 18When the firm experiences a temporary decline in earning that is close to zero or negative, price-earnings ratio could give distorted results, whereas earnings-price ratio is more robust to the possible distortion. Suppose, for example, that the firmA's stock prices at time tl, t2, and t3 were $70, $60, and $75, and earnings per share for corresponding periods were $5, $4.5, and $6, respectively. Suppose also that the firm B's stock prices were same as those of the firm A but firm B experienced a temporary decline in earning at t2 and thus its earnings per share for corresponding periods were $5, $0.1, and $6, respectively. Then the average price-earnings ratio for each firm is PE1A = 13.28 and PE1B = 208.8, whereas the average earningsprice ratios are EPIA = 0.075 and EP1B = 0.051. Thus the earningsprice ratio is more robust to the temporary decline in earning. [8] ), and (ii) the price-earnings ratio and market/book equity ratio are generally high for large capitalization firms (see, e.g., Keim [35] ). Hence, one may conjecture that the positive empirical relation betweenflM and growth variables found in this paper may be a spurious one. That is, it may in fact merely represent the negative relationship between firm size andPM. One way to examine this possibility is to include a size variable in the regression and to see whether growth variables still provide any additional explanatory power. This approach should be implemented with some caution, however, since a significant empirical correlation exists between the growth variables and size. For instance, in our sample of firms, the correlation coefficient between market capitalization and the market over book value of equity is 0.42. Thus, it appears that the effect of growth on stock risk is quite independent of firm size.
Exhibit 1. The Effect of Equity Beta Associated with Assets in Place and Growth Opportunities on Market Beta
B. Portfolio Grouping Approach
Although we obtain the expected signs for the estimated coefficients in a cross-sectional regression at the individual firm level, the magnitude of the estimated coefficients may be biased due to measurement errors.21 For instance, we use the accounting net income in calculating fEA, although 3EA is theoretically Notice first that all the estimated coefficients have correct signs. The results show that earnings-price ratio is negatively related to the market beta and the market over book value of equity is positively related to the market beta, both indicating that firms with greater growth opportunities have a higher risk of shareholders. As expected, the more the number of securities is included in each portfolio, the larger the R-square. It is particularly impressive to note that more than three-quarters of the cross-sectional difference in the market beta is accounted for by the difference in PEA, GROWTH 
IV. Summary
The hypothesis presented in this paper is simple and intuitive. In essence, it states that the greater the portion of a stock's value accounted for by the value of future discretionary investment options, the higher the stock risk, ceterisparibus. For instance, a high-tech firm that has a large portion of its value accounted for by the present value of future growth opportunities, would exhibit a higher stock risk than the mature firm whose value is largely determined by the capitalized value of an earnings stream generated by existing assets. Overall, our empirical results strongly support this hypothesis. The results show that a positive empirical relation exists between the firm's equity beta and various measures of growth opportunities. The results also show that introducing firm size into the regression analysis does not affect the empirical relation between the stock beta and growth variables in any significant fashion. Thus, it appears that the effect of growth on stock risk is independent of firm size.
